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Abstract
It is unknown whether a relationship exists between paleosol development and the number of burrows in a
paleosol. It is also unknown whether a relationship exists between the number of burrows in a paleosol
and the diameters of those burrows. This paper details the methods, results, and conclusions of an
investigation of these relationships. I assess the development of several paleosols in a core sample of the
Upper Triassic Cooper Canyon Formation of the Dockum Group from well B-133 in Andrews County,
Texas, using development scales based on methods from Bown and Kraus (1993) and Abels et al. (2013).
I assess the abundance of burrows by estimating the Droser and Bottjer (1986) ichnofabric index (II)
value of the core at generally one-foot intervals. I assess the sizes of the burrows by measuring diameters
of representative samples of burrows throughout the core. I analyze the results to determine if a
relationship exists between paleosol development and II at a given depth and if a relationship exists
between II and burrow diameter at a given depth. The results indicate a slight positive correlation between
paleosol development and II. The results show a negative correlation between II and burrow diameter. In
order to determine whether a relationship exists between paleosol development and the number of
burrows in a paleosol, I suggest future studies that assess a larger number of paleosols which vary more
from each other in development stages than those I examined. I also suggest future studies that estimate
abundances of burrows separately from abundances of other bioturbation. These studies will enable more
trustworthy answers to both questions posed in this investigation. This study may contribute to future
studies of soil and paleosol development by illuminating the possibility that some well-developed soils
have not undergone much bioturbation.
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Introduction
The overall goal of this investigation is to test hypotheses about relationships between
burrows and paleosols containing them. This investigation was conceived when a core sample
was found to contain paleosols and well-preserved burrows. The core sample comes from well
B-133 at the Waste Control Specialists site in Andrews County, Texas; it was extracted in
January 2008 as part of a geotechnical investigation (Figure 1). The core consists of mudstone
and sandstone from the Upper Triassic Cooper Canyon Formation of the Dockum Group. I
decided to examine the development of the paleosols and the size and abundance of the burrows.
My first hypothesis is that better-developed paleosols have more burrows than less welldeveloped paleosols (Table 1). If accepted, I infer that the populations of the tracemakers who
created these burrows reached their greatest numbers when they inhabited mature soils. If the
hypothesis is rejected, I infer that the populations of the tracemakers who created these burrows
reached their greatest numbers when they inhabited immature soils or that the environmental
controls on soil development had no influence on the tracemakers. Another reason why betterdeveloped paleosols might not have more burrows than less well-developed paleosols is that
bioturbation and pedoturbation can overprint or destroy burrows. I will test my hypothesis by
identifying and assessing the development of paleosols in the core sample and estimating the
abundance of the burrows.
I also hypothesize that large burrows are more likely to exist among a large number of
burrows than a small number of burrows. If accepted, I infer that environmental conditions that
favor a large average burrow diameter also favor a large population of tracemakers, or that large
tracemakers are less common than small tracemakers and so are only found among a large
number of tracemakers. If the hypothesis is rejected, I infer that environmental conditions that
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favor a large average burrow diameter also favor a small population of tracemakers, or that large
tracemakers are most likely to exist in small populations in which they face less competition.
Tectonic History
The site from which the core originates lies on the Central Basin Platform (CBP) of the
Permian Basin. The CBP consists of uplifted Precambrian to Cambrian and Pennsylvanian rocks
(Powers et al., 1978). Basic intrusions rose into the crust in the area now beneath the CBP 1,3001,000 Ma, forming two highs with a saddle in the middle (Hills, 1985) (Figure 2). The saddle
formed in what is today northern Winkler and southern Andrews Counties, Texas. A subbasin of
the Permian Basin called the Tobosa Basin began to form near the close of the Cambrian. Shelf
carbonates covered wide areas of this basin during the early Paleozoic. In the Late Mississippian,
movement occurred along zones of weakness formed by Proterozoic faults. By Early
Pennsylvanian time, folds formed in the Tobosa Basin. Carbonate banks formed around these
folds, creating shelves. In the Early Permian, tectonic stresses were dominantly oriented northsouth, causing movements along ancient faults; movements were also heavily vertical, causing
uplifts that formed seabed highs on which carbonate banks grew. During the Permian, slight
movements occurred along the zone of weakness formed by Proterozoic faults on the western
edge of the CBP. Also subsidence occurred, with the Delaware Basin to the west of the CBP
subsiding faster than the CBP, creating dramatic vertical relief where the western boundary of
the CBP meets the eastern boundary of the Delaware Basin.
Stratigraphy
The Upper Triassic Cooper Canyon is the youngest formation of the Dockum Group
(Figure 3) (Bradley and Kalaswad, 2003). Deposition of the upper Dockum Group mudrocks, the
Cooper Canyon Formation, took place in a somewhat dry place with a temporary wandering
2

small river; deposition of mudrocks took place in the floodplain, while deposition of
siltstone/sandstone interbeds took place in the channel (Holt et al., 2011). The siltstone/sandstone
interbeds often experienced exposure to the atmosphere (Holt et al., 2011). The Permian Ochoan
Dewey Lake Redbeds underlie the Dockum Group. The Triassic Dockum Group comprises four
formations: in stratigraphic order, the Santa Rosa Formation, the Tecovas Formation, the Trujillo
Formation, and the Cooper Canyon Formation. The Santa Rosa consists of sandstone and
conglomerate. The Tecovas consists of mudstone to sandy mudstone with fine- to mediumgrained sandstone interbeds. The Trujillo consists of fine- to coarse-grained sandstone and sandy
conglomerate with thin shale interbeds. The Cooper Canyon consists of siltstone and mudstone
with sandstone lenses and conglomerate. The Cooper Canyon is overlain by the Early Cretaceous
to Late Tertiary Ogallala-Antlers Gatuna Formation (Grisak et al., 2007).
Methods
Measurement of Core
I measured and described the core in terms of grain size and other lithological
characteristics to interpret the lithofacies present. My descriptions included color; abundance and
size of soil features such as mottling and nodules; and size, grade and type of ped structure
(NRCS, 2012). I measured grain size of fine-grained material by wetting it and feeling how
smooth, coarse, and sticky it felt.
I differentiated paleosols from each other based on their attributes. I used a variety of
approaches to identify the bases and tops of paleosols. I inferred that a paleosol might fine
upward in grain size based on the fluvial deposition of the Cooper Canyon. Therefore, I looked
for contacts between paleosols at the boundaries between fining upward sequences. I also looked
for clues from the characteristics of the horizons. For example, I noticed sequences of changes in
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fabric from a nondescript horizon that may not have many features to a horizon with more
complex fabric and abundant features back to a nondescript horizon. If I noticed this, I placed the
contact at the top of the more complex horizon and the base of the nondescript horizon. I also
attempted to assess relationships between horizons and group those that seemed most closely
related in the same paleosol.
I estimated each paleosol’s development by examining the degree to which past fabric
had been disturbed, the abundance and size of its features, the size and grade of its ped structure,
and the distinctness and number of its horizons. Using these criteria, I gave each paleosol a
horizon development index on a scale of zero to four, zero representing no pedogenesis and four
representing a well-developed paleosol (Table 2, Figure 4a-e). I based this ranking method on
Bown and Kraus (1993), who recognized soil development stages according to horizon
development; profile development and thickness; morphological features including color,
nodules, and mottles; and characteristics of horizon contacts. I also assessed the development of
lithofacies two, lithofacies three, and the transition zones of lithofacies one. I used the same
criteria I used for the paleosols except for distinctness and number of horizons since I was
assessing one layer at a time.
I calculated a soil development index (SDI) value on a scale from 0 to 2 for each
paleosol, transition zone, and interbed based on its thickness, horizon development intensity, and
rubification. I modeled the soil development index after Abels et al. (2013), who focused on
three criteria to estimate soil development: B-horizon thickness, horizon development, and Bhorizon rubification. I refer to an SDI of zero as barely mature, an SDI of two-thirds as
somewhat mature, an SDI of four-thirds as mature and an SDI of two as very mature.
Measurement of Burrows
4

I counted, examined, and described the burrows in the core. Specifically, I examined the
burrows in a 100 mm2 area each time I noticed a change in the core. In this area, I used a metric
ruler to measure the diameter and length of a representative sample of the burrows and described
burrows’ backfill, orientation, and other characteristics, striving to capture at least the largest and
smallest diameters present. In this paper I commonly refer to the NRCS (2012) size class of
burrows, in which a diameter less than 1 mm is very fine, a diameter greater than or equal to
1mm and less than 2 mm is fine, a diameter greater than or equal to 2 mm and less than 5 mm is
medium, a diameter greater than or equal to 5 mm and less than 10 mm is coarse and a diameter
greater than or equal to 10 mm is very coarse. I classified each foot of the core according to the
Droser and Bottjer (1986) ichnofabric index (II), which involves estimating the percentage of an
area that has been disturbed by bioturbation (Table 3, Figure 5a-f). To estimate areal
percentages, I used the Munsell Soil Color Charts (2000) abundance diagrams.
Analytical Methods
I plotted burrow diameters, II values, and SDI values against depth (Figure 6). I also
plotted each variable against each other for a total of six linear regressions (Figures 7-12).
Results and Interpretations
Core Description
The core has a diameter of about 95 mm. The total depth of the core is 288 feet below
ground (FBG). Recovery was generally near 100% in all of the boxes examined. This is likely
due to the well-cemented nature of the rock. Much of the core was coated in a mixture of drilling
mud and sediment. This coating was scraped away before description. The chunks of core
composed of red claystone, mudstone, and siltstone have an average length of 6.13 inches. The
chunks of core in the interval containing sandstone with interbedded mudstone have an average
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length of about 4.17 inches. The chunks of core composed of light-colored very fine sandstone
have an average length of about 6.87 inches. The chunks of core composed of mL to cL
sandstone sometimes containing embedded clay have an average length of about 11.63 inches.
Lithofacies
I recognized three lithofacies in the studied interval (Table 4, Figure 13a-c).
Lithofacies one consists of claystone, mudstone, and siltstone and has slickensides,
circular to irregular-shaped yellow (2.5Y5/4, 2.5Y5/6, 2.5Y6/6, 2.5Y6/8) and white (Gley 1
8/5GY, 2.5Y8/1) mottles, burrows, root traces, and concentrations of white (Gley 1 7.5/10Y,
Gley 1 8/10Y) clay (Table 4, Figure 13a). The matrix colors of lithofacies one include weak red,
red, dusky red, a color varying between weak red and red, dusky to weak red, dark reddish gray,
reddish brown, a mix of very dusky red and weak red, and light greenish gray. Based on the
slickensides; mottles; burrows; root traces; and layers with distinct colors, textures, and grain
sizes; I interpret lithofacies one as pedogenically modified overbank deposits (Monroe and
Wicander, 2012).
Lithofacies two (274.6-271.3 FBG) consists of light-colored, very fine sandstone with
claystone interbeds (Table 4, Figure 13b). The interval from 273.4-273.3 FBG is 10R4/3 clay.
The interval from 272.9-272.7 FBG has slickensides and white irregularly-shaped clasts, which
are so extensive that they might have originated from deposition as opposed to pedogenesis.
Clasts only seem absent in the area of some of the slickensided surfaces. The claystone has
sheety structure from slickensides, mica, variegated color, and irregular siltstone on one face. As
a feature (nodule or concentration) clasts are strong; slickensides are as well. Sheety structure is
strong and fairly extensive. The red portion of this interval consists of claystone. The white
portion is siltstone composed of aggregates the size of fU sand.
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Lithofacies two forms a gradational basal contact with paleosol five of lithofacies one
from about 274.7-274.5 FBG. Thicknesses of red fine grained interbeds include 11 mm and 54
mm but these thicknesses are uncertain since they are not attached to sandstone on both sides.
Sandstone thicknesses include about 160 mm (uncertain because only attached to red fine
grained interbed on one side) and 75 mm. Description of 274.2 FBG: Basal contact slightly
undulatory simply due to red fine grained material being deposited on the uneven surface of the
sandstone bed’s top. The contact consists of a thin layer of white clay between the sandstone and
the red fine grained material. There are a few local occurrences of white clay on top of the red
fine grained material. I classify the contact as transitional because the white clay on top of the
red fine grained material seems not to extend all the way down to the contact. Therefore the
thickness of the contact is from the bottom of the lowest white clay to the top of the highest
white clay: 18 mm. The contact starts about 0.5 mm below 274.2 FBG. In terms of the upper
contact of this 2.5YR3/3 claystone interbed with the sandstone above it, the sandstone face at
274.1 FBG has some local patches of red fine grained material as well as what looks like white
clay. The contact is very abrupt where red fine grained material meets white sandstone (there
may or may not be white clay in between the two: I cannot tell). Contact is not horizontal simply
due to topography of base of sandstone. Structure of 274.2 FBG: some fissile fracturing
associated with wedge ped structure, 5.5 mm wide, strong in grade. Also this depth contains at
least one example of an angular blocky ped – moderate in grade, 5 mm wide, 8 mm long, and 3
mm high. Another type of structure I observed at this depth is granular -- strong in grade, with a
ped size equivalent to fL grains. In addition I observed a moderate-grade subangular blocky ped
with a short diameter of 4.75 mm and long diameter of 5 mm. The red fine grained material
throughout this lithofacies has some variation in color and fabric but commonly has yellow
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mottles and even more consistently contains abundant light-colored clasts. Also they very
commonly exhibit fissility. Colors and grain sizes in stratigraphic order of red fine grained
interbeds follow: 2.5YR3/3 fairly sticky-when-wetted, somewhat stiff clay; 2.5YR4/3 stickywhen-wetted clay (I felt individual clay clasts initially); 2.5YR3/4 very sticky-when-wetted clay,
2.5YR4/3 sticky-when-wetted clay that is almost stiff, 2.5YR3/4 very sticky-when-wetted clay
not stiff (I felt one hard particle that may or may not have been clay), 2.5YR3/1 material that is
probably clay (I definitely felt an individual clast for a while, then lose it and then think I felt
slime that may or may not have been from previous test). Description of 273.9-273.8 FBG: fU
sandstone (rare vfL grains - mL black opaque – fU). It might taste slightly clayey but very
uncertain. A fresh surface is Gley 1 8/5GY and the exterior of a segment of core is Gley 1
8/5GY. Under hand lens it definitely contains particles smaller than vfL but I would say that the
majority are larger than vfL. Grains are rounded and moderately sorted, with mineralogy
consisting of quartz of a whitish hue, muscovite mica, and biotite mica that is 2% abundant. I
observe definite layering forming a stair step pattern: average layer thickness between 1 and 2
mm. It reacts strongly to HCl, indicating carbonate cement. One feature I notice is tiny ridges on
the surface. In terms of weathering, portions of this face look more weathered than others in that
they are lighter in color – 5YR8/1 – whereas the less-weathered surfaces seem more like Gley
17/10Y and have more mica. The bottom of this segment looks a lot more disturbed and
irregular, similar to the face facing up at 271.8 FBG. Color stays fairly consistent throughout this
lithofacies. Stairstep layers are visible on one other face at 273.3-273.6 FBG. Also, I visually see
clay embedded in the face at 273.8-273.6 FBG. Some of the sandstone at 272.7 and 272.0 FBG
seem to part into some angular to subangular blocky structures, for example a trapezoidal
angular blocky ped at 273.7 of strong grade and a subangular blocky ped near 272 FBG weak in
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grade that may even be granular because it is curved. 272.0 FBG does not really have blocky
peds. It just has a very disturbed, irregular surface. The grain size at 273.7 FBG is fU. The grain
size on the face facing down near 271.8 is fL-mL. There is a thin layer of light-colored clay at
the face from 273.6-273.6 FBG.
Lithofacies three (271.3-265 FBG, 206.7-200.03 FBG) consists of very fine upper to
fine upper sandstone (Table 4, Figure 13c). Lithofacies three includes boxes 201-204, 199-201,
and most of 204-207 until the basal contact with paleosol 14 around 206.5-206.8 FBG. This
portion of the lithofacies is gray sandstone. The basal contact is about 46 mm thick. It is
undulatory with a maximum relief of 46 mm. A description of 201.3 FBG to represent the
interval of lithofacies three from 206.7-200.0 FBG follows: mU (vfU-cL) sandstone containing
silt. By visual inspection, I observed interstitial gley clay. The grains are subangular (angular –
well rounded) and poorly sorted. The mineralogy includes quartz, mica, black opaques,
potassium feldspar. The opaques – black opaques and potassium feldspar – are 1% abundant.
The sandstone has parallel subhorizontal bedding mostly 1-mm thick, no bioturbation, and a
slight reaction to HCl.
The other portion of lithofacies three (271.3-265 FBG) is white sandstone with local
white fine-grained material from about 266.8 to about 266.8 FBG and red fine-grained material
from about 266.8 to 266.6 FBG, as well as 265-265.3 FBG. The basal contact is transitional,
about 14 mm thick, and occurs around 272.0-271.7 FBG. A description of 265.5-265.3 FBG to
represent the interval of lithofacies three from 271.3-265 FBG follows: vfL (vfL-fL sand grainsmU biotite) sandstone containing silt. It has a dominant color of Gley 1 8/10Y. Some areas that
look more weathered are Gley 1 8/N. The grains are subrounded (angular – well rounded) and
well-sorted. The mineralogy includes quartz, biotite 2% abundant, red opaques 1% abundant, and
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muscovite about 2% abundant. The sandstone has planar layers in more than one orientation with
thicknesses ranging from 4 mm to 1 mm. There is no apparent bioturbation. There is a very slight
reaction to HCl, inaudible but visible under hand lens.
Lithofacies Associations
I encountered the lithofacies in the following order: lithofacies one from 288 to 247.6
FBG consisting of fine-grained material, mostly claystone but also some mudstone, especially
the bottom 1.5 feet, and a thin layer of silt near 274.6 FBG; lithofacies two from about 274.6271.3 FBG, mainly consisting of fine sandstone but also containing a claystone interbed and
several mudstone interbeds from about 274.3 to about 271.3 FBG; lithofacies three from about
271.3 to 265 FBG consisting of fine sandstone; lithofacies one from about 265 to 206.9 FBG
consisting of fine-grained material, mostly claystone but also some mud and silt, especially the
bottom 13.3 feet; and lithofacies three from about 206.7 to about 200.0 FBG mainly consisting of
fine sandstone.
I interpret this succession as representing the lateral migration of a fluvial channel.
Lithofacies one represents the time when the location of well B-133 was in the floodplain of the
river, lithofacies three represents when the location of well B-133 was in the channel. Lithofacies
two represents an intermediate stage in which well B-133 was in a proximal channel setting. I
stopped describing the core in the second sandstone interbed that I encountered because I
interpreted that at this point I had described the core through at least one complete depositional
cycle: floodplain to channel to floodplain to channel.
Paleosols
I identified fifteen individual paleosol profiles (Table 5, Figures 14a-o). Most paleosols
consisted of at least two horizontal bands, which I interpreted as soil horizons.
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Paleosol one (288-284.6 FBG) (Figure 14a) consists of claystone and mudstone: The
grain size generally fines upward from mainly mudstone with white clay concentrations and
yellow mottles to mainly claystone with yellow mottles and scarce white features. The color of
the paleosol is mostly weak red but it also has an interval of dusky red clay from about 286.0 to
285.7 FBG. It has a rough, worn, dull appearance for the most part, although some surfaces are
shiny, especially due to clay coating the exterior of some of the burrows. It is heavily burrowed.
Horizon one (288-285.4 FBG), the bottommost horizon of paleosol one, is characterized by a
light red color, rough fabric/weathered appearance, white clay concentrations, and yellow
mottles. Horizon one is very distinct from horizon two in color and texture. Horizon two (285.3285 FBG) is red with local yellow mottling (especially at 285.9 FBG), well-preserved burrows,
and a fresh unweathered appearance. Horizon three (285-284.6 FBG), which is slightly finer, is
darker red (purplish) than horizon two with some yellow mottling. Compared to horizon two,
horizon three has a more complex appearance with a very variegated color scheme and an
interesting occurrence of 10R3/6 material with vitreous clear crystals. Horizon three has many
fractures that appear shallow in at least 50% of cases with overlapping planes. Locally, I notice
some examples of definite wedge structure, for example a very shiny thin slickensided plate
overlying a shiny slickensided surface. Similar to horizon two, horizon three has well-preserved
burrows. In box 288-285 horizons one and two overlap but I do not see a piece of the contact
between horizons one and two nor between two and three. Based on the relative positions of the
chunks of horizons one and two, I infer that they form a sharp contact.
I classify the horizon development of paleosol one as four out of four. The presence of
horizonation indicates that paleosol one is fairly well-developed. I interpret all three horizons as
B horizons. Their thickness also agrees with a well-developed interpretation. The white clay
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concentrations seemed to have accumulated close to when the matrix was deposited because
some of them have very similar fabric to the matrix. The yellow discoloration I refer to as
mottles may result from several different phenomena (NRCS, 2012). They may be secondary
matrix colors, mottles, non-redoximorphic features, or redoximorphic features. I interpret them
as either non-redoximorphic or redoximorphic features. They are not dominant enough to call a
secondary matrix color and they do not seem to represent a change in lithology. They seem like
thin stains, coatings, or residue from a chemical reaction.
Paleosol two (284.6-280.5 FBG) (Figure 14b) consists of mostly claystone; it has an
interval of mudstone from about 282.5-283.8 FBG. Its color is mostly weak red, but it has an
interval of dusky red claystone from about 282.5-282.2 FBG. It has a fracture filled by red clay
near 282.0 FBG and yellow mottling. Similar to paleosol one, paleosol two has a rough
appearance but it has less white features than paleosol one. Horizon one (284.6-283.0 FBG) has
the same grain size as horizon three. It lacks yellow mottles, has very few shiny surfaces besides
the insides of burrows and a slickensided surface at 284.3-284.2 FBG. Paleosol two contains
trace mica near 282.6-282.6 FBG that is mostly in a fracture or concentrated in a small area.
284.6-283.0 FBG looks rough/weathered and is lighter in color than the interval of paleosol one
from 285-284.6 FBG. Horizon three (281.0-280.5 FBG) has mottling.
I classify the horizon development of paleosol two as three out of four; its evidence of
development includes the mottling of horizons two and three. Horizon one of paleosol two
(284.6-283.0 FBG) has strong vfU granular structure as well as strong wedge structure with a
smallest dimension of about 0.5 mm. Features of this horizon include slickensides, for example
one with dimensions 40 x 35 mm2. They are about 25% abundant. A big slickenside on one face
is approximately in one quadrant of the face but smaller ones occur in other parts of the face. The
12

big slickenside looks like an almost square rectangle. Smaller ones include an elongated
rectangle and a smaller square. Colors I noted for horizon one are 10R4/4, 10R3/1, and 5YR3/3.
Horizon two (283.0-281.0 FBG) has moderate angular blocky structure with a smallest
dimension of about 1 mm. This structure is very distinct from the structure of horizon one.
Horizon two has strong wedge structure with a smallest dimension of about 2 mm. The grain size
of horizon two may be the same as horizon one if not ever-so-slightly finer. Features of horizon
two include mottles that seem similar to ones in horizon one, except for a large white mottle
from 282.4 to 282.0 FBG. This mottle almost looks like two circles attached to each other, one
with a diameter of 35 mm and the other with a diameter of about 37 mm. I think that this large
white mottle is a local phenomenon. There are filled-in fractures in horizon two that are different
from horizon one. These filled-in fractures indicate that paleosol two is a Vertisol. The 2.5YR4/3
color of horizon two is slightly distinct from horizon one. The darker part of paleosol one is
darker than paleosol two. Both horizons of paleosol two have similar fabric variation (rough to
smooth).
Paleosol three (280.54-276.9 FBG) (Figure 14c) consists of claystone. Its color is mostly
weak red but it also has an interval of dusky red, an interval of red, and another interval of dusky
red. Features include yellow mottling, white material, a white mottle, mica, and a white nodule.
Horizon one (280.5-278.4 FBG) has white mottles and slickensides and is lighter in color than
horizon two (278.4-276.9 FBG). A gradational contact exists between horizons one and two
around 278.9-278.0 FBG.
I classify the horizon development of paleosol three as four out of four. The grain size of
paleosol three is mud from 276.9 to 278 FBG. I tested another piece from 278-279 FBG and its
grain size was the same, maybe coarser. When I tested these two intervals a second time, both
13

were very clayey and not distinct from each other. Horizon one (280.5-278.4) has granular
structure except where there is a dull slickenside and where there are burrows. Horizons one and
two are basically the same color and have a grain size of mud that is somewhat cohesive when
wetted.
Paleosol four (276.9-275.1 FBG) (Figure 14d) includes two horizons between which a
fairly distinctive color change and increase in slickensides occur (moving up). It has a dusky red
color for most of its extent. Features include clast-filled veins, abundant and well-preserved
burrows, white material, and mica. Grain size changes from clay to mud around 276.6 FBG and
mud to clay around 275.9 FBG. Horizon one (276.9-276.0 FBG), which has slickensides, is
darker in color than horizon two (276.0-275.1 FBG). The horizonation of paleosol three seems
comparable to that of paleosol four. Paleosol three has variation in color, features, and texture.
I classify the horizon development of paleosol four as three out of four. The bottom of
horizon one (276.9 to 276.0 FBG) has a slickenside and has very well-preserved burrows that are
3% abundant. In a 10 cm x 10 cm area, I recorded the following burrow diameters: 5 mm, 4.5
mm, 3 mm, 4 mm, 3 mm, 2.25 mm, 10 mm, and 2 mm. The minimum diameter I recorded was 1
mm, the max 10 mm, and the most common 3 mm. The middle of horizon one has very well
preserved burrows. The burrows are 7 % abundant with a minimum diameter of 1.25 mm and
maximum of 7.5 mm. Rotating the exterior of this chunk the abundances of the burrows are 7 %
with a minimum diameter of 1.5 mm, 5 %, 7 %, and 10 %. On the exterior of the chunk, claylined burrows are rarer than and not as evident as on the top and bottom. The top of horizon one
has 8 % abundant burrows and they are very well preserved.
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The structure near the bottom of horizon one is weak subangular blocky with a surface
area of 7 mm x 6 mm. I am tempted to say that this area has no structure. There are some
somewhat continuous discontinuities.
Paleosol five (275.1-274.6 FBG) (Figure 14e) consists of soft claystone that coarsens
upward to silt around 274.7 FBG. Its color is dusky red, which changes to weak red at 275.0,
which changes to dusky to weak red at 274. It has white nodules, slickensides, and wedge ped
structure. Burrows of paleosols four and five are similar in abundance and size.
I classify the horizon development of paleosol five as four out of four. Paleosol five is
very distinctly lighter red than the top of paleosol four. It also has different features – white
nodules – (very distinct) and different fabric (much less sharp). It has similar slickensides,
though. While paleosol five lacks distinct horizons, it has slickensides, clay nodules, and a great
deal of bioturbation, all of which indicate that it is a well-developed paleosol.
Paleosol six (260-251.6 FBG) (Figure 14f) is characterized by some color and feature
variation among horizons – red with white features and some yellow mottling, to purple with
yellow mottling and local white features, to pink with strong yellow mottling and local white
features, to purplish red with a grayish cast. The grain size generally decreases from silt to mud
around 257.2 FBG and increases to silt around 253.5 FBG. Horizon one (260-256.9 FBG) has
yellow mottling and white mottling locally. Slickensides occur at 260 FBG with an average size
of 28.5 mm2. All of horizon one seems to have slickensides in minor abundance and small size.
Horizon two (257-253.2 FBG) is finer than horizon one. The first piece of horizon two seems to
lack slickensides. The mean of the burrow diameters I recorded for paleosol six is about 4.5 mm.
I am uncertain whether paleosol six contains actual burrows.
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I classify the horizon development of paleosol six as four out of four. Due to distinct
changes in features from horizon to horizon, this profile is more developed than paleosol five.
Looking at the piece of core from 251.5 to 251.9 FBG, I see a possible burrow 2 mm in
diameter at about 251.7 FBG on the exterior wall of the core. I think this chunk may have several
other small burrows around the same size. Looking back at the first piece where grayish cast
started (253.2-252.7 FBG), the patches of gray contrasting with maroon sometimes seem to
outline burrows, for example a 3-mm wide gray possible burrow next to a maroon 6-mm wide
possible burrow that tapers to about 3 mm. Some three-dimensional tubes are present, too, for
example one with maximum diameter of about 4 mm near base of this chunk. The abundance of
possible burrows on this chunk is about 2%. The most common diameter of the possible burrows
has a wide range.
Paleosol seven (251.6-245.7 FBG) (Figure 14g) generally fines upward from weak red
silt to dusky red clay. Horizon one (251.5-248.3 FBG) has a smooth fabric and velvety
appearance. It is almost featureless. Horizon two (248.3-248.2 FBG) has roots. Horizon three
extends from 247-245.7 FBG. The interval from 247-246.4 FBG is 2.5YR3/4 and has dendritic
white veins, some gley clay, many oddly-shaped light-colored clasts around 1 mm or less in
diameter, rough fabric, and granular structure. This interval bears similarities to the interval from
246.4-245.7 FBG including the rough fabric, granular structure, and gley clay, but 247-246.4
FBG might be slightly darker red. The interval from 246.4-245.7 FBG is 2.5YR4/3. It has a big
clay face that may be a slickenside; it has what look like striations. The surface is matte. It has
mica and a gley mottle. The mean of the burrow diameters I recorded for paleosol seven is about
3.75 mm.
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I classify the horizon development of 251.6-248.2 FBG as 2.75 out of 4. Features that
contributed to this classification include yellow mottles in horizon one (251.5-248.3 FBG) as
well as mica, strong shiny slickensides that form a vein, a belt of light-colored clasts, small,
scarce white mottles, and local sooty discoloration. Horizon two (248.3-248.2 FBG) is mainly
10R3/4 with a 10R4/2 coating that is prevalent. The 10R3/4 portion has abundant bright white
veins (marbling) that may be root traces as well as yellow discoloration and more discontinuities
than horizon one. No grain size change occurs between horizons one and two. While the interval
of paleosol seven from 251.6-248.2 FBG is fairly developed, it seems a little less developed than
the interval of core from 260-251.6 FBG, the horizon development of which I classified as four
out of four because 260-251.6 FBG has one more layer and each layer is very thick and the
layers are fairly distinct and rich in features, especially horizon three of paleosol six. It seems
slightly different from paleosol four (276.9-275.1 FBG) (horizon development is three out of
four), which has burrows in the lower horizon (276.0-276.9 FBG) and angular blocky structure
and I spotted one white mottle and burrows in the upper horizon (276.0-275.1 FBG).
Paleosol eight (245.7-239.89) (Figure 14h) includes a basal horizon characterized by a
mix of clay and silt, white mottles with an average diameter of 5.75 mm, and wispy white veins
– roots – in a red groundmass. The dominant lithology of paleosol eight consists of clay and it
has a dusky red color. The mean of the burrow diameters I recorded for paleosol eight is about
7.75 mm, which is the highest mean diameter I calculated for a given paleosol.
Paleosol eight has 2.5Y6/6 mottling from about 243.7 to 237.9 FBG and is heavily
burrowed but maybe slightly less heavily burrowed than horizon 23 of paleosol 9, because
burrows seem to control the fabric for horizon 23 more than they do for horizon 20. However, I
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classify the horizon development of paleosol eight as the same as that of paleosol nine, four out
of four, because they have similar features.
I think I see my first definite burrows since the end of paleosol 5 at the chunk from 245.7
to about 245.4 FBG. Burrows are about 2-5% abundant and mainly concentrated near the
perimeter of the top face of this chunk. I do see a few on the bottom, too. Diameters I recorded
on the bottom of this chunk were 3.5 mm, 4 mm, 4.5 mm, 2 mm, and 5.5mm; burrows were 3%
abundant. Diameters I recorded on the top of this chunk were 2.5 mm, 4 mm, 4.5 mm, about 2
mm, 4 mm, 3 mm, and 3 mm. These burrows have lesser size and abundance than those of
paleosol five.
In a 10 cm x 10 cm section of the chunk from 245.4 to 245.1 FBG, I noted the following
burrow diameters: 4 mm, 2.75 mm, 3 mm tapering to 1.5 mm; there are also many other burrows
I am uncertain about, such as 5 mm, 2.5 mm, 2 mm, 3 mm, and 3 mm. The minimum diameter I
recorded from this chunk is 2 mm, the maximum 5 mm. It is hard to say what the most common
diameter is due to the large number of specimens but it might be 4 mm. The abundance of
burrows is 2%. In comparison to the last chunk, this higher chunk is lighter, more orangish red in
color, has similar white material, similar features and fabric in general, and the burrows seem
comparable in size and abundance.
I classify the horizon development of paleosol eight as four out of four.
Paleosol nine (239.9-236.5) (Figure 14i) is well-formed and dull, and it has white mottles
and roots. It consists of claystone. The interval from about 239.9-239.1 is dusky red while the
interval from 239.1-236.5 is weak red. The mean of the burrow diameters I recorded for paleosol
nine is about 6.3 mm.
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I classify the horizon development of paleosol nine as a four out of four. Definite
variation in fabric exists from horizon 1 to horizon 3. Horizon 2 is different from both horizons 1
and 3. Veins indicate slickensides.
Horizons 2 and 3 have heavily-burrowed fabric.
Paleosol ten (236.4-234 FBG) (Figure 14j) consists of weak red claystone and has a
fabric characterized by layers that seem to peel off like the layers of an onion. About 236.2 FBG,
there are clay nodules 0.25 mm-2mm [in diameter] that are mostly circular. The color is 10R4/6
with a 10R5/1 cast over about two-fifths of the cross-section that is more mauve whereas threefifths is that redder 10R4/6. Burrows are present. I see one area parting into a plate and some
shiny surfaces. It consists of claystone. About 234.9-234.8 FBG, there is a slightly darker red
color, almost no marbling, some very dense concentrations of white clasts locally, one of which
is 10 mm x 4 mm. There are no readily apparent clay nodules on this face, no yellow or black
and tan features. The main color is 10R4/4. About 234.6-234.4 FBG, there is a face that
predominantly consists of black slickensides about 70 mm x 97 mm. The slickensides are
surrounded by red fines. There are two white clay nodules in one shiny wavy surface with
striations. One deep central fracture could split this whole block. The horizontal surface of
groundmass, which contains [a] turtle shell pattern, is the exact same color as 234.8 FBG. There
are no definite burrows in the area covered by the slickenside. There is one burrow in the
horizontal surface of groundmass. About 234.3 FBG, there are three gley clay nodules, local
marbling, yellow mottles, a dense concentration of light clasts in dark red groundmass, shiny
surfaces, including a slickenside that is at least 50 mm2. The major color of the face is 10R4/4,
but about one-third of the face is 10R5/1. Overall the face looks rough. The ped structure can be
described as primarily granular or structureless. The face is heavily burrowed. One burrow is
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well-preserved. About 234.0 FBG, the groundmass is the same as that of 234.3 FBG. There is
some white friable residue [and] meniscate burrow backfill. The overall [fabric], structure, and
color is the same as 234.3 FBG. There is the same abundance of burrows. The burrow diameters
range from 1.5 mm to 7 mm. There are no roots. Paleosol ten seems to have platy structure.
I classify paleosol ten as having a horizon development index of four. The very
characteristic onion platy structure/fabric seems to stem from slickensides. The clay nodules
probably formed from clay concentrating in pores. The 10R5/1 cast probably derives from
chemical weathering.
Paleosol eleven (234-229 FBG) (Figure 14k) consists of red claystone. Like paleosol ten,
it has the onion-layer fabric.
In assessing the horizon development of paleosol eleven (234.0-229) I note white mottles,
yellow mottles, heavy burrowing, tan clasts, strong wedge structure, and color variation from red
to dark red to purple and light purple. Horizons are less different from each other than the last
paleosol. I classify the horizon development of paleosol 11 as four out of four.
Paleosol twelve (227-219.4 FBG) (Figure 14l) consists of claystone, reddish brown from
227 to about 223.3 FBG and weak red from about 223.3 to 219.4 FBG. The average burrow
diameter of paleosol twelve is about 5.2 mm. Bioturbation decreases from about 223.6 to 222.5
FBG, increases from about 222.5 to 221.5 FBG, and increases from about 220.5 to 220 FBG.
In assessing the horizon development of paleosol twelve (227-219.4 FBG), I note strong
slickensides, white marbling, yellow mottling, and blood red coloration. The main distinction
between layers is degree of marbling and size/abundance of white mottles so layers are not very
distinct. I classify the horizon development of paleosol twelve as 2.5. Indications of development
include strong slickensides, marbling, and mottles, as well as very gradual contacts. Indications
20

of poor development include weak structure and layers that are not very distinct. Paleosols
eleven and seven had much more distinct horizons.
Paleosol thirteen (219.4-210.3 FBG) (Figure 14m) mostly consists of dusky red
claystone, which coarsens slightly around 215.1 FBG, coarsens to siltstone around 211.6 FBG,
and fines to claystone that is a mix of very dusky red and weak red around 211 FBG. Paleosol
thirteen is very-well-formed. The average burrow diameter of paleosol thirteen is about 4.1 mm.
Bioturbation decreases from 219.4 to 217.5 FBG, increases from 215 to 213.3 FBG (very wellpreserved burrows begin at 214.0 FBG and continue all the way to 207 FBG), decreases from
213.3 to 212.5 FBG, and increases from 212.5 to 211.5 FBG.
In assessing the horizon development of paleosol thirteen, I consider the observations in
the following sentences. Paleosol thirteen has three layers, the first two of which are distinct
color-wise – red to purple. Also fabric changes, becomes more convoluted sometimes glossy and
slurried. Paleosol thirteen has some strong features like the yellow mottles in horizon three and
the white marbling in horizon two and thick mottles in horizon one. Based on taste tests of core
at the top of box 214-217 FBG and at the bottom of box 211-214 FBG, a grain size change may
occur between the two boxes (214.0-214.5 FBG). This grain size change seems to correspond to
a change in bioturbation, more burrows existing in the finer interval. I classify the paleosol
development of paleosol thirteen as four because it has distinct layers in terms of color, grain
size, fabric, and features. Ped structure is weak to moderate but it seems like some intervals,
especially 214.0-211.0 FBG have been reworked and interesting features, colors, fabrics, and
bioturbation make it commensurate with other paleosols with HDI’s of four, such as paleosols
11, 9, and 10. The marbling and mottles indicate that paleosol thirteen is better-developed than
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paleosol four. Horizon one does not seem too reworked until near 217.2 FBG and seems to lack
obvious yellow mottles.
Paleosol fourteen (210.3-206.9 FBG) (Figure 14n) consists of light greenish gray
claystone.
In assessing the horizon development of paleosol fourteen I considered the observations
in the following sentences. Paleosol fourteen has two layers distinct in color, grain size (from
clay to sticky clay (bluish gray)), features, and amount of bioturbation. Features include
slickensides, local nodules of pink fine material with yellow mottles. Paleosol fourteen has some
strong wedge structure. Bioturbation has probably disturbed up to 40% of the fabric.
Slickensides are strong when they occur but not necessarily controlling the fabric like they do at
paleosol four. Features exist in low abundance. Therefore I classify the horizon development of
paleosol 14 as 2.875.
Paleosol fifteen (206.7-204.4 FBG) (Figure 14o) consists of very fine upper sandstone
that is a mix of white and light gray. There is one 5-mm wide channel filled with clay evoking
the appearance of a burrow and covering about 1% of the face at ~206.5 FBG. Under hand lens
the clay in the channel has parallel lines adorning it, perpendicular to channel walls. Another
burrow-shaped feature composed of what looks like coal has a maximum diameter of 11 mm and
covers about 2% of the face at 205.4 FBG. A 5-mm diameter elongated clay occurrence along a
fracture at 205.3 FBG, covers about 1% of this face. I think that there is only one possible
burrow in paleosol fifteen – the one at 206.5 FBG. It definitely was not certain, though, and I
think that paleosol fifteen has no burrows. Paleosol fifteen forms a contact with the
nonpedogenically modified sandstone above it near 204.4 FBG. The coal that is present below
204.4 FBG is not present above it.
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Paleosol fifteen has disturbed bedding. At least one surface looks irregular; it has light to
dark blue gray clay and gley clay mixed together with the sandstone, mostly in thin surficial
deposits but in some cases these deposits have thickness, such as one with dimensions 5.5 mm x
21 mm. These features cover about 7% of the surface. The opposite face just has about 1 cm2 of
green clay, as well as some black material. All together features cover maybe 2% of this face that
otherwise looks like sandstone. The face that had a great deal of clay deposits at 206.1 FBG
lacked the black material. All the other faces of this horizon have the black material and seem to
have some clay but not as much or the same range of colors that is found at 206.3, 206.1 FBG.
206.5 FBG has some black material. Soil features are in high abundance at 206.5 and 206.1 FBG
but low abundance in another area. One might say the soil features are weak since they are, many
times, either thin or friable/weakly cemented. A sample of paleosol fifteen from 204.1 FBG has
mU, fU, mL, and some grains smaller than vfL but they are a small amount compared to the sand
grains. I interpret paleosol fifteen as an Inceptisol and classify the horizon development as 1.5
because paleosol fifteen has no ped structure, no bioturbation, but fairly sizable features in
moderate abundance. The only possible ped structure there might be is very weak subangular
blocky, for example a possible ped with dimensions 13 mm x 12 mm.
Ichnology
I identified two types of trace fossils in the core: burrows and roots (Table 6). The
burrows are circular to oval-shaped in cross section (Figure 15). Ridges that are each about 1.54
mm long, 0.82 mm wide, and parallel to the length of the burrow adorn the outside of the
burrow. These ridges correspond to depressions on the inside, which have an average length of
about 1.58 mm and width of 0.47 mm. The longer, more preserved specimens commonly exhibit
a segmented shape from periodic fluctuation in burrow diameter. The inner and outer walls tend
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to look shiny. The burrows are generally linear. The backfill often has a globular texture – bumps
the size of fine sand. In some cases the backfill is lighter in color than the exterior. The burrows
are mostly subhorizontal to horizontal. The diameters range from 1 to 11 mm; the average
burrow diameter recorded was about 4.80 mm. The average burrow diameter for the portion of
lithofacies one from 288 to 274.6 FBG is about 4.09 mm, and the average burrow diameter for
the portion of lithofacies one from 265 to 206.9 FBG is about 5.2 mm. The longest burrow length
I recorded was 9.5 cm; this particular burrow had a diameter of 6 mm. Burrows often intersect
each other; for example, two burrows intersect each other at an angle of about 53 degrees. The
burrow walls are very thin – maybe one-tenth of a millimeter.
I interpret the bumps/depressions to be scratchmarks left by the tracemaker and the shiny
inner and outer walls to be lined by clay. The burrows at the first chunk in the upper portion of
lithofacies one where they appear seem fairly well-preserved.
The burrows at different depths vary in how well-preserved they are. I classified certain
depths as having at least one very well-preserved burrow with scratch marks and clay lining.
These depths include 286.7 to 274.6 FBG or maybe all the way to the top of paleosol 5/where
sandstone starts at about 274.6 FBG (between arrows 1 and 2 on Figure 6). I see some fairly to
very well preserved specimens at about 241.3; 241; 240.3-240.0; burrows are extremely
numerous but only some very well preserved between 239.1 and 238.4; some fairly to very wellpreserved burrows at 238; there are some fairly to very well-preserved burrows between 236.2
and 235.3; and 235 in Box 235-232 (between arrows 3 and 4 on Figure 6). There is a very well
preserved burrow at 227 (arrow 5 on Figure 6). There are also very well preserved burrows
between 214.0-207 FBG (between arrows 6 and 7 on Figure 6).
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The roots consist of white curved lines intersecting each other and creating a marbly
pattern (Figure 16). They exist from about 245.7 to about 236.2 FBG and from 248.2-248.3. The
width of the lines ranges from about paper-thin (maybe thinner) to about 1 mm. In a window 100
mm by 100 mm, about 40% of the surface is white thanks to the marbling. The color of the
marbling is Gley 1 8/N. Sometimes the color is 10R7/1.
I interpret the 10R7/1 color to indicate that the root traces are under the surface of the
claystone I am viewing and the Gley 1 8/N color to indicate that the root traces are at the surface
of the claystone I am viewing. I interpret the continuous existence of roots over a stretch of more
than nine feet to mean that many root-bearing soil horizons became connected. I interpret the
variation of the width of the lines to result from occurrences of individual roots, as opposed to
occurrences of several roots coalescing. The relatively thin diameters of the roots indicate that
they supported small plants.
Analytical Results
The burrow diameter and II logs show that burrow diameter, II, and SDI decrease 287.2276.6 FBG (this interval is outlined by a red box on Figure 6); burrow diameter decreases as II
and SDI increase 243-237 FBG (this interval is outlined by a yellow box on Figure 6); and
burrow diameter remains constant as II increases 215-207.3 FBG (this interval is outlined by a
blue box on Figure 6). Based on the inconsistency in the relationship between these variables, I
infer that no correlation exists between burrow diameter and II and no correlation exists between
burrow diameter and SDI. A weak positive correlation may exist between II and SDI since they
track each other in two of the three intervals described above.
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The plot of SDI versus II (Figure 7) has a slightly positive slope, indicating that burrow
abundance increases as soil development increases. Ichnofabric indices have a range of at least
1.5 on a scale from 1 to 6 for SDI values of 1.3 to 1.8 on a scale from 0 to 2.
I infer that the slight positive correlation between SDI and II stems from the definition of
soil: a combination of regolith, air, water, and organic matter (Monroe and Wicander, 2012). Soil
organisms comprise part of the soil. The air, water, and organic matter the soil contains make it
hospitable to soil organisms. Therefore, burrows rarely exist in material that has undergone no
soil development.
The spread in the data leads me to infer that a soil can undergo much development and
still lack much bioturbation.
That wide ranges in II only exist for SDI’s of 1.3, 65% of 2, or greater indicates that a
soil needs to be at least fairly developed to have an equal opportunity to host either much or little
bioturbation.
The plot of II versus SDI (Figure 8) has a positive slope indicating that SDI increases as
burrow abundance increases. Soil development indices have a wide range, 0.5 or more on a scale
from 0 to 2, for II values of 1-2 and 4 on a scale from 1 to 6. The lowest SDI value, 0,
corresponds to the lowest II values, 1 and 1.5.
I infer that the positive correlation between II and SDI stems from the criteria I used to
rate the HDI of each paleosol, which included the degree to which past fabric had been disturbed.
Pedogenic processes acting on sediment change the fabric of that sediment. Bioturbation disturbs
fabric as well so a positive correlation would likely exist between amount of bioturbation and
amount of soil development. The wide range in SDI for II values of 1-2 and 4 detracts from the
evidence for a positive correlation. That the lowest SDI value corresponds to the lowest II values
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indicates that burrow abundance needs to be relatively low for soil development to have a chance
of being nonexistent.
The plot of SDI and burrow diameter (Figure 9) has a slightly positive slope, indicating
that burrow diameter increases as soil development increases. Diverse burrow diameters
correspond to each SDI value represented on Figure 9: Burrow diameters have a range of at least
4 mm for SDI values from 0.9 to 1.8.
I infer that the slight positive correlation between SDI and burrow diameter stems from
the relationship that Figure 7 illustrates: soils contain burrows more often than sediment that is
not pedogenically modified. Assuming that large burrows are less common than small burrows, a
more well-developed soil has a greater chance of hosting large burrows than a less-developed
soil since a more well-developed soil has a greater chance of hosting burrows in general, unless
the likelihood of hosting burrows in general does not increase with development.
The spread in the data leads me to infer that a soil can undergo much development and
still lack burrows larger than those found in soil that has undergone less development; for
example, the maximum diameter shown in Figure 9 for an SDI value of 1.6 is the same as that
for an SDI value of 0.9.
That wide ranges in burrow diameter exist for low and high SDI values indicates that
burrow diameters have wide ranges regardless of soil development.
The plot of burrow diameter and SDI (Figure 10) has a positive slope, indicating that soil
development increases as burrow diameter increases. Most of the dataset shows a great deal of
spread: SDI values are diverse for burrow diameters of 2 mm, 2.5 mm, 3 mm, 3.5 mm, 4 mm, 4.5
mm, 5 mm, 5.5 mm, 6 mm, 7 mm, and 8 mm.
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I infer that the positive correlation between burrow diameter and SDI stems from the
ability of a larger tracemaker to disturb original fabric more than a smaller tracemaker. The
spread in the data leads me to infer that a soil can have a medium-sized burrow and be mature to
very mature; also, a soil can have a coarse-sized burrow and be somewhat mature to mature. That
only mature to very mature SDI values exist at depths with at least one burrow diameter less than
2 mm indicates that the existence of burrows less than 2 mm in diameter causes a soil to be
mature to very mature. That SDI values are mature to very mature at depths with at least one
burrow diameter greater than 8 mm indicates that the existence of burrows greater than 8 mm in
diameter causes a soil to be mature to very mature.
The plot of II and burrow diameter (Figure 11) has a slightly negative slope, indicating
that as II increases, burrow diameter decreases. The diversity of burrow diameters for a given II
increase as II increases. Based on this observation, I infer that a soil that has undergone more
bioturbation will likely have a wider range of burrow diameters than a soil that has undergone
less bioturbation. For example burrow diameters at depths with II’s of 2 only range from medium
to very coarse, whereas burrow diameters at depths with II’s of 4 range from fine to very coarse.
The plot of burrow diameter and II (Figure 12) has a negative slope, indicating that II
decreases as burrow diameter increases. Diverse II’s exist at depths with burrows as small as
1.75 mm in diameter and as large as 11 mm in diameter.
The diverse II’s, which exist at depths with fine, medium, coarse, or very coarse burrows,
lead me to infer that the II of a given depth is not controlled by the burrow diameters at that
depth.
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Discussion
My hypothesis that better-developed paleosols have more burrows than less welldeveloped paleosols is not supported by the II and SDI logs because the depths of highest II do
not correspond with the depths of highest SDI. The plot of SDI and II weakly supports this
hypothesis because when viewing the plot as a whole, the highest II values correspond to SDI
values of 65% of the max or greater. However, this observation may have little significance since
most of the paleosols observed were well-developed and Figure 7 shows that the highest II value
for the highest SDI value is less than the highest II value for the fourth greatest SDI value. This
plot may indicate that the relationship between soil development and II has a threshold; that is, II
increases with increasing SDI up until SDI reaches 1.5, above which increasing SDI does not
necessarily increase II, possibly because the pedoturbation that very well-developed soils
undergo overprints their bioturbation. Since Figure 7 shows the first and second highest II
values, 5.5 and 5, for SDI’s of 1.5 and 1.4, which are both between mature and very mature, I
can infer that the populations of the tracemaker reached their greatest numbers in mature soils.
My data may support my inference that the environmental controls on soil development had no
influence on the tracemaker, given the wide range of II values for SDI’s of 1.3 to 1.8. Assuming
that bioturbation increases with soil development, I inferred that if my hypothesis that high SDI
corresponds to high II is rejected, the tracemakers may have obliterated their own burrows. This
inference may be supported by my data since the maximum II value for a given SDI value
increases until SDI increases above 1.5.
The positive slope of the plot of II and SDI (Figure 8) supports my hypothesis that betterdeveloped paleosols have more burrows than less well-developed paleosols. The highest SDI
value occurs at depths with II’s ranging from 1 to 4, somewhat detracting from the evidence for a
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positive correlation. The plot shows that II’s greater than four correspond to a maximum SDI of
only 1.5, as opposed to 1.8 for II’s equal to or less than 4. Since the highest II value exists at a
depth where SDI equals 1.5, indicating a mature soil, the inference that populations of the
tracemaker who created the burrows reached their greatest numbers when they inhabited mature
soils is supported.
My hypothesis that larger burrows are more likely to exist in larger populations than
smaller populations is not supported for the most part by the burrow diameter and II logs,
because the trends shown by the two logs only track each other one of three times: 287.3-276.7
FBG (outlined by red box on Figure 6). However, one of the highest burrow diameters, about 10
mm, occurs at 286.3 FBG, which is near 285.5-284.7 FBG where the II log shows the highest II,
5.5 (Figure 6). The plot of II and burrow diameter (Figure 11) also refutes my second hypothesis.
It indicates a negative correlation between burrow diameter and II. The highest burrow diameter
does not correspond to the highest II value on Figure 11. The distribution of the data leads me to
infer that environmental conditions that favor a large burrow diameter do not favor a small or
large population of tracemakers, and that large tracemakers are not more likely to exist among
many tracemakers or among few tracemakers.
The negative slope of the plot of burrow diameter and II (Figure 12) does not support my
hypothesis that larger populations have a greater chance of including larger burrows than smaller
populations. Another reason why this hypothesis is not supported by the plot is that the largest
burrows, 11 mm in diameter, exist at depths where II equals 2, a low II, or 3, a moderate II. Also
the average II for a burrow diameter of 5 mm or larger is about 3.01, which is a moderate II. The
average II for a burrow diameter of 10 mm or larger is 2.75, a moderate II. Since the average II
corresponding to a coarse-sized burrow diameter and the average II corresponding to a very
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coarse-sized burrow diameter are moderate as opposed to low, my data does not support the
inference that environmental conditions that favor a large burrow diameter also favor a small
population of tracemakers. My data also does not support the inference that large tracemakers are
most likely to exist in small populations in which they face less competition.
Summary and Conclusions
I conducted an investigation to analyze relationships between soil organisms and the soil
they inhabit. The investigation consisted of examining a core sample of mudstone with sandstone
interbeds of the Cooper Canyon Formation from Andrews County, TX, in which burrows were
found. Core examination included measurement of burrow diameters and abundance,
identification of paleosols, and assessment of soil development. My results show a possible
positive correlation between amount of bioturbation and soil development. Designating II as the
dependent variable and SDI as the independent variable and analyzing the trends in the
maximum II for a given SDI, I observe that the positive correlation seems to exist until SDI
equals 1.6, at which point maximum II decreases (Figure 7). Based on this observation, I infer
that tracemakers may begin to obliterate their own burrows once soil development increases past
a threshold. Designating SDI as the dependent variable and II as the independent variable, I
observe that the highest II exists at a depth with mature soil (Figure 8). Based on this
observation, I infer that populations of the tracemaker who created the burrows reached their
greatest numbers when they inhabited mature soils. My results show a positive correlation
between SDI and burrow diameter. Designating burrow diameter as the dependent variable and
SDI as the independent variable, I observe that diverse burrow diameters correspond to each SDI
value represented on Figure 9. Based on this observation, I infer that soils can have more than
one size of burrow whether they are somewhat mature to mature or mature to very mature.
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Designating SDI as the dependent variable and burrow diameter as the independent variable, I
observe that mature to very mature SDI values exist at depths with at least one fine-sized burrow,
somewhat mature to very mature SDI values exist at depths with at least one burrow that is 2,
2.5, 3, 3.5, 4, 4.5, 5, 5.5, 6, 7, or 8 mm in diameter, and mature to very mature SDI values exist at
depths with at least one burrow that is greater than 8 mm in diameter. Based on this observation
in conjunction with the observation I make from Figure 11 that the diversity of burrow diameter
seems to increase as II increases, I infer that the presence of a large number of tracemakers is
more likely to make a soil well-developed than the presence of a small number of tracemakers
since a large number of tracemakers is more likely to contain a wide variety of sizes of
tracemaker, including large tracemakers which have a greater ability to disturb fabric than small
tracemakers. My results show a negative correlation between burrow diameter and II.
Designating burrow diameter as the dependent variable and II as the independent variable, I
observe that the diversity of the burrow diameters seems to increase as II increases (Figure 11).
Based on this observation, I infer that larger populations have the potential to have wider ranges
of diameters. Designating II as the dependent variable and burrow diameter as the independent
variable, I observe that the negative correlation is more consistent and that the average
ichnofabric indices corresponding to depths at which one or more coarse- or very coarse-sized
burrows exist is moderate (Figure 12). Based on this observation, I infer that large burrow
diameters are most likely to exist in a population that is moderate in number.
In order to more effectively test hypotheses on relationships between bioturbation
abundance, burrow abundance, burrow diameter, and soil development, I recommend future
studies in which separate abundance measurements are taken: one for just burrows and one for
all bioturbation other than burrows. This system of data collection would allow for better
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analysis of relationships specific to burrow abundance, as well as better analysis of relationships
specific to abundance of bioturbation other than burrows. I also recommend future studies that
examine a larger number of paleosols that are more distinct from each other in terms of stages of
development. This would provide stronger and clearer evidence for or against relationships
between bioturbation abundance, burrow abundance, burrow diameter, and soil development.
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Table 1 – Hypotheses and inferences.

hypothesis
inference if
accepted
(a)

Hypothesis 1

Hypothesis 2

Better-developed paleosols have more
burrows than less well-developed
paleosols.
Populations of the tracemaker who
created these burrows reached their
greatest numbers when they inhabited
mature soils.

Larger populations of burrows have
greater average diameters than
smaller populations.
Environmental conditions that favor
a large average burrow diameter also
favor a large population of
tracemakers.
Large tracemakers are less common
than small tracemakers and so are
only found in large populations.

inference if
accepted
(b)

inference if
rejected (a)

Populations of the tracemaker who
created these burrows reached their
greatest numbers when they inhabited
immature soils.

Environmental conditions that favor
a large average burrow diameter also
favor a small population of
tracemakers.

inference if
rejected (b)

The environmental controls on soil
development had no influence on the
tracemaker.

Large tracemakers are most likely to
exist in small populations in which
they face less competition.

inference if
rejected (c)

Bioturbation and pedoturbation
associated with soil development has
overprinted or destroyed at least some
of the original burrows.

Table 2 – Horizon Development Intensity (HDI) scale.
HDI
value

Criteria
0 no evidence of pedogenesis
evidence of pedogenesis, disturbed bedding, no ped structure (grade = 0), no soil
1 features, and no bioturbation
two layers very similar to each other, weak (grade = 1), small (area < 52 mm2) peds
2 and local (< 5% abundant), small (area < 52 mm2) soil features
two or more distinct* layers, moderate (grade = 2), medium-size (52 mm2 < area < 453
mm2) peds and moderately abundant (5-43%), medium-sized (52 mm2 < area < 470
3 mm2) soil features
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two or more distinct* layers, strong (grade = 4), large (area > 453 mm2) peds and
4 extensive (abundance > 43%), large (area > 470 mm2) soil features
*Layers can be distinct in terms of grain size, color, fabric, features, and structure.
Table 3 – Ichnofabric index*.
1 no bioturbation
2 up to 10% of fabric is disturbed by bioturbation. Burrows exist individually.
3 10-40% of fabric is disturbed by bioturbation. Most burrows exist individually.
4 40-60% of fabric is disturbed by bioturbation. Burrows intersect each other.
100% of fabric is disturbed by bioturbation, creating a fabric that is uniform in terms
5 of burrow density. Some discrete burrows are visible.
100% of fabric is disturbed by bioturbation to the extent that the fabric has become
6 homogenized, i.e. individual burrows are no longer distinguishable.
*Based on Droser and Bottjer (1986)
Table 4 – Lithofacies.
Lithofacies Descriptions
1

2

claystone, mudstone, and siltstone
colors include weak red, red, dusky red, a color varying between
weak red and red, dusky to weak red, dark reddish gray, reddish
brown, a mix of very dusky red and weak red, and light greenish
gray
slickensides
circular to irregular-shaped yellow (2.5Y5/4, 2.5Y5/6, 2.5Y6/6,
2.5Y6/8) mottles
white (Gley 1 8/5GY, 2.5Y8/1) mottles
burrows, root traces
concentrations of white (Gley 1 7.5/10Y, Gley 1 8/10Y) clay
layers with distinct colors, textures, and grain sizes
light-colored (Gley 1 8/5GY) very fine to medium sandstone with
claystone interbeds
Grains rounded, moderately sorted, whitish quartz
Has muscovite and biotite, has clay embedded locally
Carbonate cement
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Interpretations
pedogenically
modified overbank
deposits
Layers comprise
soil horizons.

Lithofacies two was
deposited in a
proximal channel
setting.

Original bedding is visible on some of the sandstone (average layer
thickness between 1 and 2 mm).
colors of claystone include 10R4/3, 2.5YR3/3, 2.5YR4/3,
2.5YR3/4, 2.5YR3/1
Features of some of the claystone interbeds include sheety structure
from slickensides; mica; variegated color; and abundant, often
light-colored irregularly-shaped clasts.
3

vfU-cL sandstone, two distinct types

Lithofacies three
was deposited in a
channel.

206.7-200.03 FBG: gray mU (vfU-cL) sandstone containing silt
and interstitial gley clay
Grains subangular, poorly sorted
Parallel subhorizontal bedding mostly 1 mm thick
271.3-265 FBG: white (Gley 1 8/10Y) very fine sandstone
containing silt
Grains subrounded and well-sorted
Planar layers in more than one orientation with thicknesses from 1
to 4 mm
Table 5 – Paleosols.
Paleosol Description
1 Mudstone and claystone
Horizon one (288-285.4 FBG) has white clay concentrations and a duller, more worn-looking
fabric than horizon two.
Horizon two (285.3-285 FBG ) has a darker color than horizon one, very well preserved
burrows, yellow mottling, and angular blocky ped structure.
Horizon three (285-284.6 FBG), which is slightly finer, is darker red (purplish) than horizon
two with some yellow mottling. Compared to horizon two, horizon three has a more complex
appearance with a very variegated color scheme and an interesting occurrence of 10R3/6
material with vitreous clear crystals. Horizon three has many fractures that appear shallow in
at least 50% of cases with overlapping planes. Locally, I notice some examples of definite
wedge structure, for example a very shiny thin slickensided plate overlying a shiny
slickensided surface. Similar to horizon two, horizon three has well-preserved burrows.
2 Horizon one
clay with possible minor silt
granular and wedge peds
10R4/4, 10R3/1, 5YR3/3
Horizon two
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Similar grain size
Angular blocky and wedge peds
2.5YR4/3
Similar fabric variation to horizon one: rough to smooth
Large white mottle surrounded by red coloration, filled-in fractures
Horizon three
white concentration and other white features surrounded by light red coloration
a shiny face
3 mudstone
Horizon one (280.5-278.4 FBG)
white mottles
granular structure except where there is a dull slickensided surface and where there are
burrows
slickensides
lighter in color than horizon two (278.4-276.9 FBG).
Horizons one and two are basically the same color and have a grain size of mud that is
somewhat cohesive when wetted.
A gradational contact exists between horizons one and two around 278.9-278.0 FBG.
Paleosol four (276.9-275.1 FBG) (Figure 4) includes two horizons between which a fairly
distinctive color change and increase in slickensides occur (moving up). Horizon one (276.9276.0 FBG), which has slickensides, is darker in color than horizon two (276.0-275.1 FBG).

4
5 very distinctly lighter red than some of the top of paleosol four
different fabric, much less sharp than the top of paleosol four
similar slickensides to top of paleosol four
There is a light-colored clay body mass at the top of paleosol five.

transitions from red with white features and some yellow mottling to purple with yellow
mottling and local white features to pink with strong yellow mottling and local white features
6 to purplish red with a grayish cast
7 Horizon one (251.5-248.3 FBG) has a smooth fabric and velvety appearance.
Horizon two (248.3-248.2 FBG) has roots. Horizon two (248.3-248.2 FBG) is mainly 10R3/4
with a 10R4/2 coating that is prevalent. The 10R3/4 portion has abundant bright white veins
(marbling) that may be root traces as well as yellow discoloration and more discontinuities
than horizon one.
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Horizon three extends from 245.7-247 FBG. The interval from 247-246.4 FBG is 2.5YR3/4
and has dendritic white veins, some gley clay, many oddly-shaped light-colored clasts around
1 mm or less in diameter, rough fabric, and granular structure. . This interval bears
similarities to the interval from 246.4-245.7 FBG including the rough fabric, granular
structure, and gley clay, but 247-246.4 FBG might be slightly darker red. The interval from
246.4-245.7 FBG is 2.5YR4/3. It has a big clay face that may be a slickenside; it has what
look like striations. The surface is matte. It has mica and a gley mottle.
Paleosol eight (245.7-239.89 FBG) (Figure 4) includes a basal horizon characterized by a
mix of clay and silt, white mottles with an average diameter of 5.75 mm, and wispy white
veins – roots – in a red groundmass. Paleosol eight has 2.5Y6/6 mottling from about 243.7 to
237.9 FBG and is heavily burrowed but maybe slightly less heavily burrowed than horizon
three of paleosol 9, because burrows seem to control the fabric for horizon three of paleosol
8 nine more than they do for horizon three of paleosol eight.
9 well-formed and dull, and it has white mottles and roots.
Definite variation in fabric exists from horizon 1 to horizon 3. Horizon 2 is different from
both horizons 1 and 3. Veins indicate slickensides. Horizons 2 and 3 have heavily-burrowed
fabric.
10 236.2: clay nodules
10R4/6 with 10R5/1 cast
Possible local platy structure
Some shiny surfaces
Claystone
234.9-234.8: slightly darker red (10R4/4)
Some very dense concentrations of white clasts locally
Almost no marbling
236.4-234.4: black slickensides surrounded by red fines
White clay nodules
One deep central fracture
A turtle shell pattern
Some similarity in color to 234.8
234.3 gley clay nodules
Local marbling
Yellow mottles
A dense concentration of light clasts in dark red groundmass
Shiny surfaces, including a slickensided surface
10R4/4 but 1/3 of the face is 10R5/1
Rough fabric
Heavily burrowed, one very well preserved burrow
234: white friable residue
Meniscate burrow backfill
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The groundmass is the same as that of 234.3.
white mottles, yellow mottles, heavy burrowing, tan clasts, strong wedge structure, and color
11 variation from red to dark red to purple and light purple
strong slickensides, white marbling, local yellow discoloration near base, blood red
coloration mostly at and above 251.5525 FBG. The main distinction between layers is degree
12 of marbling and size/abundance of white mottles so layers are not very distinct.
Horizon one is red with thick mottles. Horizon two is purple with convoluted, sometimes
13 glossy and slurried fabric and white marbling (roots). Horizon three has yellow mottles.
14 light greenish gray claystone with slickensides and local nodules of pink fine material
15 sandstone
Some burrow-shaped features that may or may not have resulted from bioturbation:
A 5-mm wide channel filled with clay and covering about 1% of the face at 206.5 FBG; the
clay in the channel has parallel lines adorning it, perpendicular to the channel walls.
A burrow-shaped feature composed of what looks like coal with a maximum diameter of 11
mm and covering about 2% of the face at 205.4 FBG.
A 5-mm diameter elongated clay occurrence along a fracture at 205.3 FBG, covering about
1% of this face.
disturbed bedding: At at least two depths, I see irregular topography and foreign deposits, in
one instance of coal-like material and in another case of more than one color of clay.
At at least one depth, I see black and yellow discoloration.
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Table 6 – Trace fossil types.
Description

Interpretation

white (Gley 1 8/N) curved lines (width
ranges from paper-thin to about 1 mm)
intersecting each other and creating a
marbly pattern. Where roots intersect
they sometimes coalesce to form
1 patches about 1.75 mm in diameter.

The white lines consist of white
material that has filled openings
created by roots.

tube-shaped masses of core and
hollowed-out tubes; some of which are
partially filled by material that often
has arcuate layers; diameters range
from 1 to 11 mm; up to 9.5 cm long,
thin walls; some fossils have shiny
inner and outer walls; circular to ovalshaped in cross section; ridges about
1.54 mm long, 0.82 mm wide, and
parallel to the length of the tube adorn
the exterior while corresponding
2 depressions adorn the interior

burrows of a creature with legs that
created scratchmarks; arcuatelayered fill is meniscate backfill
created by successive backward
packing of material the creature
encountered as it burrowed forward.
Shiny burrows are lined by clay
(inference based on visual
inspection).
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Rail Line

B

Figure 1 – A) Map showing general layout of Waste Control Specialists Site in Andrews County,
Texas, with well B-133 represented by star (map drafted by R. Holt). B) Map showing the
location of this Waste Control Specialists Site in the state of Texas (image from Google Maps,
April 29, 2016).
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Figure 2 – Map of Central Basin Platform (outlined by solid black line). For reference, the state
of New Mexico is shaded in red and its border with the state of Texas is delineated in red (image
from Google Maps, May 4, 2015).
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Figure 3 – Stragraphic column of formations underlying and overlying the Upper Triassic
Cooper Canyon Formation in Andrews County, Texas (modified from Bradley and Kalaswad,
2003).
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Figure 4a - HDI = 0: The original bedding planes and lack of disturbance indicate that this
sandstone has undergone no pedogenesis. Therefore I assign it an HDI rating of 0.
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Figure 4b - HDI=1.5 Paleosol 15 consists of sandstone that seems disturbed. The face shown in
image A is uneven and has a deposit of what seems to be coal. The face shown in image B has
abundant deposits of clay as well as some local black and yellow discoloration. A large coal
deposit is shown on the exterior of the core in image C. Another irregular face with odd
topography, clay deposits, and some coal is shown in image D. The disturbed fabric and peculiar
features of paleosol fifteen indicate that it has undergone some pedogenic modification. (Images
are mentioned and shown in stratigraphic order – oldest to youngest – with the oldest, deepest
core in Image A and the youngest, shallowest core in Image D.)
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Figure 4c - HDI=2.5 Paleosol 12 (227-219.4 FBG): All of paleosol twelve is fairly similar in
appearance. Most of the features found at the bottom of paleosol twelve seem to be found
throughout the paleosol all the way to the top including slickensides, hypocoats (arrow in image
B), and white mottles (top arrow in image C). The color of the paleosol, 10R3/4, is also fairly
consistent. Certain features are only found in certain intervals. For example, yellow discoloration
exists locally near the base of the paleosol (arrow in image A), and dark red stains mainly appear
at 221.5525 FBG and above (bottom arrow in image C). Paleosol twelve lacks highly distinct
layers but has a significant amount of soil features. I classify the HDI of paleosol twelve as 2.5.
(Images are shown in stratigraphic order – oldest to youngest – with the oldest, deepest core in
Image A and the youngest, shallowest core in Image C.)
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Figure 4d - HDI=3 Paleosol 2: Horizon one is fairly nondescript (image A) but horizon two has a
large light-colored feature with light red fringe surrounding it (image B) as well as some angular
blocky peds (image C). Horizon three has a large concentration of light-colored material on one
exposed face (image D). Above that there is a shiny face with a large white feature, surrounded
by light red coloration (image E). The variation in features, structure, and fabric leads me to
classify the HDI of paleosol two as 3. (Images are shown in stratigraphic order – oldest to
youngest – with the oldest, deepest core in Image A and the youngest, shallowest core in Image
E.)
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Figure 4e - HDI=4 Paleosol 13 (219.4-210.3 FBG): Horizon one (219.4-217.3 FBG) is red with
thick mottles (image A). In horizon two (216.75-214.5 FBG), the core becomes purple and the
fabric becomes more convoluted, sometimes glossy and slurried (image B). Horizons 3 (image
C) and 4 (image D) have yellow mottles and white features. Paleosol 13 has an HDI rating of
four because it has distinct layers in terms of color, grain size, fabric, and features. Ped structure
is weak to moderate but it seems like some intervals, especially 214.0-211.0 FBG, have been
reworked and interesting features, colors, fabrics, and bioturbation make its horizon development
comparable to that of other paleosols whose HDI equals 4. (Images are shown in stratigraphic
order – oldest to youngest – with the oldest, deepest core in Image A and the youngest,
shallowest core in Image D.)

Figure 5a - II=1: The lack of bioturbation on this sandstone face indicates that it has an
ichnofabric index rating of 1.
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Figure 5b - II=2: This piece of paleosol eight has an ichnofabric index of 2 because burrows are
only about 2% abundant and the percentage of disturbed fabric is about 10%; however I infer
most of the disturbed fabric to stem from drilling disturbance.
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Figure 5c - II=3: The percent abundance of burrows is at least 10%. In terms of the percentage of
the face that is white, roots are 30% abundant. The percentage of the face that seems to have or
once have had root traces is 100%. In terms of the percentage of the face where roots are now
well-preserved, the roots are 50% abundant. The fabric of this face is mixed because only some
is disturbed by burrows. Most of the burrows are not well-defined but I attribute this more to
poor preservation than abundance of burrows. Some burrows are very closer to others.
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Figure 5d - II=4: The percentage of fabric disturbed by burrows is about 40%. Some burrows are
well-defined while many are blending into each other, due to the abundance and density.
Burrows seem to intersect. From far away or at a glance, one may not see all the burrows that are
really there and the fabric seems highly influenced by the burrows even in places where one
cannot make them out as well. In some areas it is hard to tell where one burrow ends and another
begins.
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Figure 5e - II=5: The fabric is totally controlled by the burrows and fairly uniform.
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Figure 5f - II=5-6: Burrows seem to control the fabric, some of which seems to have been
disturbed so many times that it has flattened. The Ichnofabric Index rating is between 5 and 6,
because the fabric is not yet completely homogenized, since some burrows are still discrete.
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Figure 6 – (Left to right) Paleosols versus depth (ft), Grain size versus depth (ft), burrow
diameter (mm) versus depth (ft), ichnofabric index versus depth (ft), and soil development index
versus depth (ft).
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Figure 7 – Ichnofabric index (II) values (dependent variable) and corresponding soil
development index (SDI) values (independent variable).

Figure 8 - Ichnofabric index (II) values (independent variable) and corresponding soil
development index (SDI) values (dependent variable).
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Figure 9 – Burrow diameters (dependent variable) and corresponding soil development index
(SDI) values (independent variable).

Figure 10 – Burrow diameters (independent variable) and corresponding soild development
index (SDI) values (dependent variable).
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Figure 11 – Burrow diameters (dependent variable) and corresponding ichnofabric index (II)
values (independent variable).
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Figure 12 – Burrow diameters (independent variable) and corresponding ichnofabric index (II)
values (dependent variable).
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Figure 13a - Lithofacies one: Lithofacies one consists of fine-grained rock that I interpret to be
pedogenically modified. It is present both from 288-274.6 FBG, the interval in which we find the
core in image A, and 206.7-200, the interval in which we find the core in image B. Image A
shows a face of mudstone from paleosol three at 277.46 FBG. It has some strong angular blocky
peds, burrows, and fractures filled by very fine- to fine-sized clasts and mica flakes in a dark red
matrix that might be clay. Image B shows a clayey siltstone from 236.245 FBG. Its color varies
from 10R4/4 to 10R3/4. A purplish gray cast consisting of a thin layer of fine- to medium-sized
clasts coats about one quarter of the face. Small white mottles mostly 1 mm or less in diameter
are distributed fairly evenly over the face with an abundance of about 1%. (Images are discussed
and shown in stratigraphic order – oldest to youngest – with the oldest, deepest core in image A
and the youngest, shallowest core in image B.)

Figure 13b - Lithofacies 2: Lithofacies two consists of light-colored sandstone with red finegrained interbeds. As can be judged by the scale in this photo, the alternating layers have abrupt
contacts.
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Figure 13c - Lithofacies three consists of sandstone. The portion of lithofacies three from 271.3265 FBG is whiter whereas the portion from 206.7-200 FBG is grayer. Image A shows a face of
the sandstone at 270.2 FBG. Grains are mainly vfU and the sandstone has abundant mica. It is
light greenish gray with beds that range from about 1 to 3 mm thick. Image B shows a face of the
sandstone at 201.3 FBG. Grains are mainly medium. The mineralogy seems to contain quartz of
various colors, mica and possibly fesldspar. (Images are discussed and shown in stratigraphic
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order – oldest to youngest – with the oldest, deepest core in image A and the youngest,
shallowest core in image B.)

Figure 14a - Paleosol 1 (288-284.58 FBG): Horizon one (288-285.4 FBG) has white clay
concentrations and a duller, more worn-looking fabric than horizon two. Horizon two (285.3-285
FBG) is darker than horizon one, has very well preserved burrows, and has angular blocky ped
structure.
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Figure 14b - Paleosol 2 (284.58-280.54): An increase in large white features occurs near 282.5
FBG.
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Figure 14c - Paleosol 3 (280.54-276.9): Horizon one of paleosol three is light in color and has a
dull surface with moderately-sized white features. The color darkens and white features decrease
around 278.8 FBG.

Figure 14d - Paleosol 4 (276.9-275.07): A change in fabric occurs around 276 FBG to more
jagged and less controlled by burrows. Color lightens, changing from dark purple to red around
275.6 FBG.
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Figure 14e - Paleosol 5 (275.07-274.57): Paleosol five has similar grain size to the top of
paleosol four but it is very distinctly lighter red than some of the top of paleosol four. A white
nodule at the top of paleosol five consists of clay that is very sticky when wetted; the grain size
of this nodule is very distinct from that of the groundmass of paleosol five. The fabric of paleosol
five is much less sharp than the top of paleosol four, but both intervals have similar slickensides.

74

Figure 14f - Paleosol 6 (260-251.58): Paleosol six changes from red with white features and
yellow features to purple with yellow features to pink with yellow features to purplish red with a
gray cast. I interpret the yellow features of paleosol six to result from chemical reactions between
elements in the paleosol and its surroundings. Sometimes soils turn yellow from loss of iron
(NRCS, 2012).
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Figure 14g - Paleosol 7 (251.55-245.73): Horizon one (251.5-248.3) has a smooth fabric and
slickensides. Horizons two and three have more white features.
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Figure 14h - Paleosol 8 (245.73-239.86): In paleosol eight we find burrows. Paleosol eight
changes from purple to red to pink with glossy features to purple with what I interpret as lightcolored circular mottles.
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Figure 14i - Paleosol 9 (239.86-236.53 FBG): Paleosol nine seems to have a softer fabric than
paleosol eight as well as what looks like a red and gley interval that may start near 238.4 FBG
and extend to about 237.8 FBG.
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A

Figure 14j - Paleosol 10 (236.42-234): Paleosol ten also has a soft fabric that seems to want to
unravel like an onion (image A) and I interpret to result from slickensides. Paleosol ten also has
yellow mottles and burrows with meniscate backfill (image A). Near 235.6 FBG, paleosol ten
has a concentration of white material.
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Figure 14k - Paleosol 11 (234-229 FBG): Paleosol eleven has similar fabric to paleosol ten; both
of these paleosols seem to have platy structure. Paleosol eleven has round white mottles smaller
than those of paleosol eight. The contact between horizons one and two extends from 230.5275
to 230.374 FBG and marks a change from mostly red core with a softer-looking fabric to mostly
purple core with a harder-looking fabric. The purpler core seems more brittle than the core from
230.5-230.4 FBG. Its fabric and structure are less jagged. It has some white features that look
more friable. It seems to have less yellow mottling. The core from 230.5-230.4 FBG, a piece
above that depth, and a piece at 229FBG all have similar grain size: claystone.
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Figure 14l - Paleosol 12 (227-219.38): The main change in paleosol twelve is in the amount of
white features which seems to increase upward. Also the upper part of paleosol twelve is marked
by a lighter color and some dark red stains.
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Figure 14m - Paleosol 13 (219.38-210.29 FBG): Paleosol thirteen starts out as not-too-disturbed
red fine grained material with large white features. Moving upward the core gets purple and a
little more disturbed. Further upward the core becomes dark purple with abundant marbling and
yellow mottles. The uppermost portion of paleosol thirteen lacks marbling but has strong yellow
mottles.
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Figure 14n - Paleosol 14 (210.29-206.89 FBG): Paleosol fourteen is mostly light greenish gray
claystone with local nodules of pink fine material with yellow mottles.

Figure 14o - Paleosol 15 (206.71-204.36 FBG): Paleosol fifteen consists of sandstone that has
been heavily disturbed. It has deposits of clay, black and yellow discoloration, and deposits of
material that looks similar to coal.
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Figure 15 – Burrows: I interpret the sheen on the inner and outer walls of the casts and molds of
these burrows to result from clay lining. I interpret the ridges to mean that the tracemaker had
legs with which it formed these scratchmarks.
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Figure 16 - I interpret the light-colored lines to have formed from white material filling pores
once filled by roots. The lines, ranging from about 0.1 to 0.5mm in width, often intersect each
other and sometimes coalesce to form patches about 1.75 mm in diameter. There are some
patches as wide as about 3.75 mm but I interpret these as larger pores that were filled in at the
same times as the roots.

85

